Electromagnetic Penetration
Measurements of an Apartment Bullding
Using an Ultra-\Widenand Measurement

SyStem

Bolh Johnk; Dennis Camell; Chriss) Grosvenor
Galen Koepke, John Ladbury, Kate Remley, David Nevetny,
Chris Holleway:
NIST
Time-Domaini Eields' Preject
Boulder, CO
Contact: johnk@beulder.nist.goVv




NIST Building Penetration Measurements

Tests conducted Oct. 5, 2006 AR
12-story brick and steel apartment building

sapartments on floors 2 and 7

* detailed measurements in hallways on

floors 2 and 7

Work in support of COPS/SAFECOM network
simulation studies, through NIST OLES FYO06
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Test Set-up: Inside




Low-Ereq Discene




Signall Processing Seguence

Acguire magnitude/phase: data as a inection eff Steppead
freguencies: (as many: as 48,000 freguencies)

W sets) off measurements performed:
100rMHz=1..5' GlHz=—dIscone antennas
700 VIHZ-18 GlHz—antenna ISsues ahove 14 GHz
DRH (%) & Discene: (Rx)
Eillter, transform, gate data

HIghIreselution time-domain Waveioms—=can; 0e Sedl to
identify’ direct patir & refiected components

Wavefernms can be gated to Iselate desired scattering
events

Building penetration can be compared with antenna-to-
antenna references (mathematically: corrected) to yield
excess path loss




Signall Processing Seguence cont'd...

Stepped-Frequency Data
S,, (magnitude & phase)

High-Pass Filter to
Condition Signal

Low-Pass Filter to
Reduce Gibbs Ringing
Inverse Fourier Transform

Remove Filter Conditioning for Fourier Transform

Fourier Transform
!

S,, {gated}
(magnitude & phase)




Building Penetration Metric Step 1—
Eree-Space (fs) Reference

D4 om X

o AP

50-60m typical

Use 1/r mathematical correction

Correct to estimated antenna separation...




Building Penetration: Metric Step 2—
X Antenna inside the Building

- 50-60m "typicral




Compute Building Penetration Step 3
(post precessing):

Building Penetration Metric

|1S21 gated(building)|
|S21 gated(corrected fs reference)|

BP (dB) = 20 Logu (

We compare transmission into a building with a corrected
“free-space” reference...

This metric is the negative of excess path loss...




There are other benefits from this
ratio as well...

S21 gated(building) / S21 gated(corrected fs reference)
* Antenna effects cancel out Iin this ratio

e Spectral flattening

 “Sharper” waveform characteristics

e Higher range resolution




Remove Antenna Respenses via [Decenvolution
— petter range resolution!
explolts system bandwidth

S21 gated(building)

Received Signal
Received Signal

Gated Antenna-to-Antenna Deconvolved Resul_t
Approx 0.2ns duration

Approx 5ns duration
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Remove Antenna Responses via Deconvolution
= petter range resolution!
Separable direct ceupling@: position: A

Antenna-to-Antenna Coupling

Scattering

Received Signal

Antenna-to-Antenna--Raw Deconvolved Result

143’ Separation
IFT{S21_gated(building)}



Typical results...

Received Signal
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Floor 7, Station 8 Waveform-After post-processing
VNA data (deconvolved)




Horizons West Penetration Results
Time-Domain Waveforms...
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Horizons West Penetration Results
Frequency-Domain Results...




Floor 7, Station 8 Building Penetration
After post-processing VNA data (reference & Penetration)
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Horizons West Penetration Results
Ereguency: Averaged Results

Examine systematic shifts; n penetration
Efeguency dependence

Location; dependence

Larger bandwidih' tsed tor examine: glehal
effiects & trends
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*All numbered points
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Conclusions

NISTEVINA: bhased system! loeks promising for
short range: UWE' propagatien measurements

IHIghr reselution! td wavelorms usefull fier channel
Moedeling

Useiulfireq domain: parainieters...EXCess pati
10SS, effects of shadewing, multipath, ete.

Geeky: fun!




Next steps

Low-freguency. data precessing...neead
antenna cal...Walting fior geoaNX

System lmprovements & Optimization
Ol Refinery: Measurements

Tunnel Vieasurements

Viorertestsyat NISHE..

Clearly a lot moere “geeky” fun!




Thanks to...

NISTF team
'S felKkS

Fhe geed-natured folks at the Hornzens
VWest Apartments
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